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The Clinic a l Problem
Sepsis is a systemic inflammatory response to presumed or known infection. 1 It is a leading cause of in-hospital death in adult patients, and the incidence is increasing worldwide. [2] [3] [4] There is considerable variation among countries, yet overall, there is a strong positive correlation between the frequency of sepsis and mortality rates in the intensive care unit (ICU). 5, 6 In a prospective study of 3877 patients in 454 ICUs in Germany, the prevalence of sepsis was 12.4%. 7 The prevalence of severe sepsis, defined as sepsis associated with organ dysfunction, 1 was 11.0%; nearly half the patients with severe sepsis had septic shock, defined as sepsis with hypotension, despite adequate fluid replacement. 1 The incidence of severe sepsis was estimated to be 76 to 110 cases per year per 100,000 population. 7 These data are consistent with reports from earlier studies of rates from 51 to 300 cases per year per 100,000 population. 2, 8 The prognosis for patients with severe sepsis is poor. Mortality rates range from 38% 9 to 59%. 10 The study from Germany reported mortality rates among ICU patients and among inpatients generally of 48.4% and 55.2%, respectively. 7 Patients who survive severe sepsis have a lower quality of life than does the age-and sexadjusted general population, as long as 1.5 years later. 11 The economic burden of severe sepsis is immense. In one analysis from Germany, the estimated daily cost of hospital care for a patient with severe sepsis was €1090 (approximately $1,600), resulting in an overall cost per hospital stay that was 2 to 11 times the average cost per patient. 12 
Pathoph ysiol ogy a nd the Effec t of Ther a py
Sepsis is a complex phenomenon that remains incompletely understood. Infectious pathogens possess unique structural components called pathogen-associated molecular patterns; examples include lipopolysaccharide in gram-negative bacteria and peptidoglycan in gram-positive bacteria. 13 These molecules bind to host cell receptors, or pattern-recognition receptors, including the cell-surface toll-like receptors and several types of cytoplasmic receptors. 14 Receptor binding results in activation of intracellular signaling pathways that lead to a variety of responses, including increased transcription of inflammatory cytokines, up-regulation of adhesion-molecule expression, stimulation of humoral and cell-mediated immune responses, and activation of vascular endothelial cells. A detailed discussion of the pathogenesis of sepsis has been addressed in a number of recent reviews. [15] [16] [17] [18] An important feature of the pathophysiology of sepsis is the development of a procoagulant state. 19, 20 Inflammatory cytokines both activate the coagulation cascade and inhibit fibrinolysis. In turn, components of the coagulation and fibrinolytic systems have proinflammatory effects. Disseminated intravascular coagulation, one of the most feared complications of sepsis, is a manifestation of the dysregulation of coagulation. 21 Protein C is a soluble, vitamin K-dependent, plasma serine protease that plays a central role in endogenous anticoagulation. 22 The activated form is generated when thrombin, bound to the cofactor thrombomodulin, interacts with and cleaves the zymogen protein C. Activated protein C is a potent anticoagulant and profibrinolytic enzyme capable of inactivating clotting cofactors Va and VIIIa and plasminogen-activator inhibitor 1 (Fig. 1) . 23, 24 Proinflammatory cyto kines such as tumor necrosis factor induce a decline in thrombomodulin activity 25,26 and thus a decrease in the generation of activated protein C. Reduced levels of protein C in patients with sepsis have been correlated with an increase in the risk of death. [27] [28] [29] [30] These observations led to the hypothesis that the administration of activated protein C might be beneficial in patients with sepsis.
There is disagreement about whether the effects of activated protein C in patients with sepsis are primarily due to its anticoagulant activity. There is evidence that activated protein C is also an important inhibitor of the systemic inflammatory response in patients with severe sepsis. 22, 31 In addition, activated protein C has been reported to inhibit nitric oxide-induced vascular dysfunction, apoptosis of lymphocytes and endothelial cells, and activation of neutrophils. In studies of animals, genetically engineered forms of activated protein C with minimal anticoagulant activity retain the beneficial effects of the innate type, with a diminished risk of bleeding. 32 In contrast, in animal models of peritonitis and pneumonia, the beneficial effects of activated protein C are associated with its anticoagulant effects. 33, 34 In clinical trials, other agents with antithrombotic effects (e.g., recombinant tissue factor pathway inhibitor and antithrombin III) have had no effect on the mortality rate among patients with sepsis. 35, 36 Clinic a l Ev idence
The first clinical study of activated protein C was a phase 2 dose-ranging trial of a recombinant human activated protein C called drotrecogin alfa (activated) (DrotAA; Xigris, Eli Lilly) in patients with severe sepsis. Administration of DrotAA resulted in dose-dependent reductions in d-dimer and interleukin-6 levels without an increase in serious bleeding. 37 These results were used to select a DrotAA dose of 24 μg per kilogram of body weight per hour for use in the subsequent phase 3 Prospective Recombinant Human Activated Protein C Worldwide Evaluation in Severe Sepsis (PROWESS) study. 38 This placebo-controlled, randomized, doubleblind, multicenter trial included 1690 patients, approximately 75% of whom had multiorgan dysfunction. Treatment with DrotAA within 24 hours after diagnosis was associated with a mortality rate of 24.7% at 28 days versus 30.8% with placebo (P = 0.005). As reported subsequently, 39 the overall incidence of at least one bleeding event was 24.9% in the treatment group and 17.7% in the placebo group (P = 0.001). The incidence of serious bleeding in the PROWESS study was also higher in the DrotAA group than in the placebo group (3.5% vs. 2.0%, P = 0.06). In subgroup analyses, most of the benefit of DrotAA treatment was seen in patients at increased risk for death, including those with APACHE II scores of 25 or greater. 40 On the basis of these data, in 2001, the U.S. Food and Drug Administration (FDA) and the European Medicines Agency ap-proved the use of DrotAA in patients with severe sepsis who are at increased risk for death.
The decision to approve DrotAA was the subject of criticism by some experts. 41, 42 It was noted that, during the course of the PROWESS trial, some changes had been made in the protocol, among them the exclusion of participants who were thought to be likely to die within 28 days because of the severity of the underlying disease and the introduction of a new master lot of cells for growing the recombinant DrotAA protein. It was also suggested that, in practice, the APACHE II score would be difficult to determine consistently and would change during the early period of care and that the use of a subgroup analysis of data from a major trial to identify suitable candidates for treatment was not appropriate.
The FDA defended its decision to approve DrotAA 43 but obtained commitments from Eli Lilly to conduct additional trials to try to resolve some of the questions raised. The Administration of Drotrecogin Alfa (Activated) in Early Stage Severe Sepsis (ADDRESS) trial evaluated the role of DrotAA therapy in patients with severe sepsis, associated with either single-organ failure or an APACHE II score below 25. 44 The study was stopped, after enrolling 2640 patients, because there was no indication of a positive effect. The 28-day rate of death from any cause was 18.5% in the DrotAA group and 17% in the placebo group (P = 0.34). The in-hospital mortality rate was 20.6% in the DrotAA group and 20.5% in the placebo group (P = 0.98). Serious bleeding occurred in 2.4% of patients receiving DrotAA, In the normal state (Panel A), the vascular endothelial cell expresses thrombomodulin, which, after coupling to thrombin, allows a feedback loop of inhibition of thrombin formation by inducing the production of activated protein C (APC) from soluble protein C (PC 
Clinic a l Use
In cases of severe sepsis, treatment of the underlying cause of infection requires early and meticulous attention to the potential site of infection, including the use of antimicrobial agents and, if appropriate, surgical drainage. Physiological support for organ dysfunction with the use of inotropes, mechanical ventilation, and renalreplacement therapy should be instituted in certain clinical circumstances. Corticosteroids are broadly used, although their benefit remains uncertain. 49, 50 The use of DrotAA should therefore be considered part of a more extensive strategy of critical care management.
The results of the PROWESS trial have led to the increasing use of DrotAA by clinicians 51 ; however, surveys have revealed that its use in clinical practice is not consistent with the inclusion and exclusion criteria of the PROWESS study, mostly because the initiation of therapy is often delayed in practice. 52, 53 The use of DrotAA should be limited to patients who have severe sepsis with evidence of dysfunction of more than one organ, which should be assessed by means of validated scoring systems such as the Sequential Organ Failure Assessment (SOFA) score 54 (see the Supplementary Appendix), and an APACHE II score of 25 or higher. The drug should not be used in adults who have sepsis associated with a low risk of death or with singleorgan (not multiorgan) dysfunction, nor should it be used in children. To ensure consistent application of these criteria, we evaluate patients for DrotAA therapy using a standardized checklist, which includes not only the APACHE II score and the SOFA score but also ab solute and relative contraindications (see below).
The PROWESS trial established strict exclusion criteria to limit the risk of bleeding with DrotAA treatment (see the Supplementary Appendix). There is a general consensus that patients who have known hemorrhage, have undergone intracranial surgery, or have a severe head injury should be strictly excluded from treatment with DrotAA. The risk of bleeding during other surgical procedures should be assessed individually; for instance, we are very reluctant to use DrotAA in patients after thoracotomy or in patients with clinically relevant soft-tissue injuries. DrotAA therapy should not be restarted or initiated for 12 hours after any major surgical procedure. The patient's coagulation variables (prothrombin time and partial thromboplastin time) should be within the normal range, and the platelet count should not be less than 30,000 per cubic millimeter.
The dose of DrotAA, as in the PROWESS protocol, should be 24 μg per kilogram of body weight per hour, administered as a continuous infusion over a period of 96 hours. A post hoc analysis of data from five trials involving patients with severe sepsis suggested that the benefit of DrotAA is greater with earlier administration. 55 Recent guidelines (see below), as well as protocols of ongoing studies, 56 recommend that DrotAA therapy be initiated within 24 hours after the onset of severe sepsis. The same dose and infusion rate are recommended, regardless of the severity of organ dysfunction, type of infection, or presence or absence of coexisting conditions. No direct drug-drug interactions have been identified. Use of low-dose heparin as prophylaxis against deep venous thrombosis should not be discontinued during DrotAA infusion. However, patients requiring moderate or high doses of heparin should not be treated with DrotAA.
At present, there are no recommendations for individual dose adjustment on the basis of laboratory values during the 96-hour infusion period. Nonetheless, it is recommended that the results of standard clotting tests and platelet counts be monitored to identify unexpected risks of bleeding as promptly as possible. Slight increases in the prothrombin time or decreases in the d-dimer level may occur but are not reasons to adjust the treatment if there is no sign of clinical bleeding. However, if severe bleeding occurs during the infusion, therapy should be discontinued immediately and should not be reinitiated.
The overall cost of treatment with DrotAA is approximately $7,500 to $9,000. 57-59 Some insurance programs provide full reimbursement and others provide partial reimbursement; some hospitals include the cost of DrotAA in the general budget for the ICU.
A dv er se Effec t s
In the major clinical trials, administration of DrotAA in patients with sepsis increased the risk of bleeding, primarily during the infusion period. 36, 60 Over the 28-day study period, serious bleeding events -the occurrence of which was often correlated with the a greater severity of sepsis at baseline and with a platelet count below 30,000 per cubic millimeter during the infusion period -were observed in 3.5 to 6.5% of patients receiving DrotAA as compared with 2.0 to 5.0% of patients receiving placebo. 60 Rates of bleeding involving the central nervous system were 0 to 1.5% with DrotAA as compared with 0 to 0.7% with placebo.
The risk of bleeding has been somewhat higher in clinical practice than in the major clinical trials. In studies in Canada and Italy, the reported rates of serious bleeding were 10% and 10.9%, respectively. 52, 53 In the Canadian study, risk factors for bleeding included failure of four or more organs and the presence of a relative contraindication to DrotAA therapy. 52 These findings underscore the importance of careful consideration of the exclusion criteria used in the PROWESS trial that are related to the risk of bleeding (see the Supplementary Appendix). Close clinical monitoring for bleeding is also essential, including assessment of the score on the Glasgow Coma Scale for early recognition of possible hemorrhage involving the central nervous system.
A r e a s of Uncerta int y Several areas of uncertainty with regard to DrotAA treatment have been described in the sections above, but three of these areas are of particular importance. First, the efficacy of DrotAA remains a matter of dispute. Second, although the benefit of DrotAA may be a consequence of its anticoagulant properties, an important role of other physiological effects has been suggested. Third, the optimal application of the PROWESS exclusion criteria (see the Supplementary Appendix) is uncertain.
The appropriate application of inclusion criteria for the selection of patients is also a key issue. The subgroup analysis in the PROWESS trial suggested that all patients with an APACHE II score of 25 or greater would benefit. 40 In contrast, the ADDRESS trial suggested that patients with an APACHE II score of less than 25 or with single-organ failure would not benefit. 44 The conservative interpretation of these data is to require both an APACHE II score of 25 or higher and dysfunction of more than one organ.
Guidelines
In 2004, the first Surviving Sepsis Campaign guidelines included the following recommendation: "rhAPC [recombinant human activated protein C] (DrotAA) is recommended in patients at high risk of death (APACHE II ≥25, sepsisinduced multiple organ failure, septic shock, or sepsis-induced ARDS [acute respiratory distress syndrome]) and no absolute contraindication related to bleeding risk or relative contraindication that outweighs the potential benefit of rhAPC." 48 A similar recommendation was included in the Guidelines of the German Sepsis Society in 2006. 61 These recommendations came under criticism for the way in which they were developed. 62 More than 90% of the funding of the Surviving Sepsis Campaign was provided by Eli Lilly, and it was asserted that the guidelines were orchestrated as an extension of their marketing campaign for DrotAA.
As a result of this controversy, industry sponsorship was not permitted when the guidelines underwent revision. The 2008 guidelines downgraded the recommendation for DrotAA therapy, using the word "suggest" rather than "recommend": "We suggest that adult patients with sepsis induced organ dysfunction associated with a clinical assessment of high risk of death, most of whom will have APACHE II ≥25 or multiple organ failure, receive rhAPC if there are no contraindications (Grade 2B except for patients within 30 days of surgery where it is Grade 2C). Relative contraindications should also be considered in decision making." 63 R ecommendations
The patient described in the vignette is an appropriate candidate for therapy with DrotAA on the basis of the severity of his septic state (APACHE II score of 27) and the presence of multiorgan dysfunction (cardiovascular, pulmonary, and renal). His recent surgical procedure (the emergency laparotomy) is a relative contraindication.
However, if he has no clinical evidence of bleeding and has normal coagulation values, and if his platelet count is not less than 30,000 per cubic millimeter, we would favor the use of DrotAA. Therapy should be initiated as promptly as possible, since there is convincing evidence that the benefit begins to wane 24 hours after the onset of sepsis. The patient's symptoms should be monitored and the coagulation values obtained daily during the treatment period; we would interrupt the DrotAA infusion immediately if bleeding occurs.
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